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Veh.de Speed Determination System and Method 

Field of the Invention determining the 

The present invention relates generally to a sys ^ 
„ speed ot a vehicle. More P a«the , «~ ^ ^ 

determining the speed of a veh,c,e ^« -J^,. and a met hod tor 
provides a method for determ.n.ng the speed 
calibrating the system. 

10 Background to the Invention ^ s|gnals of 

Piezoelectric materials convert mechamcal ^ 
electrica, energy. The flexibility, — " J ^sors. 
piezoelectric materials maKe them ^^Z^oi^^- 

Piezoelectric sensor systems are used jn he - 

ecross one or more lanes of traffic, ezo weight , n .motton 
t0 co „ec. traffic data may have ™^^^° orspeM on. 
sensors, vehicle creation ' types of 

ln spit e of their utility, P-"-**^^ ystems can be broadly 
errors. Most sources of error ,n p,ezoele* J 
classified as vehicle, environment, system or oadw P ^ 
ln order to achieve optimum P—- * be , aken in 

syst em S , sensor Installation is a critical actor « n, ^ 
selecting a — site and — 9 - a am. 
environmental and roadway depende error Jh P 

sh ou,d be located on a straight £ ^^..^M* 
variations. Similady, sites appro ch.ng o. £ g ^ (q ^ 

sh0 u,d be avoided. Environment depende oo „ ected . 

^-v^^^rtrS^S as scatter and signal 

System dependent errors ,n de « 
reflections. The signal-to-no.se rat,o for p.ezoe 

relatively poor. hi |e dynamics and 

Sources o, error depende, on ^ a^ ^ ^ ^ 
environmental factors are inherent ,n all p.ezoelectr 



20 



25 



PCT/AU2004/001815 

WO 2005/062275 

. — • » ~r r™,.— ~- 

determine ways in which the .mpact of system 

errors can be reduced. inoluded nere in is 

Tne discussion of .he background to the < ^ ^ ^ 

5 in c,uded to explain the context ^Z^L^. Known or par, o, 
emission that any o, the mater,, r -d , P ^ ^ 
tne common general knowledge as at the pnor 

„ -ism. . - rrj^rrizz: 

including the following steps: 

c triggering the sensors to amit a signal; 

d Jceivingthesignalsemittedbythesensors. 

e determining the speed of the vehicle; and 

S ^^^Z^:Z^ compared to an 
wherein said datermtned wheel b-e m ^ ^ ^ 

the speed of each additional axie 

The sensors may be any su.tab.e type sen ^ 

opfca , sensors, magnetic -^J^ be permanently 

30 and many other known types of sensors. 

"tSi vehicle may be determined by a method including the 
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following steps: 
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U«^-*^-^3lC«r a,e triggering a 
^^^^^•^^^ 
"m^g the speed of the front - — - <~ ^ 

the second and third time the ste p of counting the 

More preferably, the method furthe cu ^ ^ 

sig na,s tiered by the first and ^ etemine . numb er o, 

number o, signals triggered in each se sor u e ^ 
ax ,es associated with the vehfcle ar, he umb^ ^ ^ ^ 
compared to an aotua, number o *»» erf0rs jn the spe ed o, 

any discrepancy between them ,s .nd,cat,ve P 

the vehicle determined by the method^ nodically calibrating the 

The method *™^£Z£, sensor signals for a 

met hod for verifying the speed of a ^J^^L* the method 
rea r axle using sensors, the sensors be.no separated 
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including the following steps: 
( a) sensing a presence of the vehicle; 
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ui„ »h 0 v/phicle to be classified 
recording an image of the vehicle to enable the veh.cle t 



(b) 



according to type; 

(C ) triggering the sensors to emit a signal; 
(d) receiving the signals emitted by the sensors; 

(e) 
(f) 

(g) 
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determining the speed of the vehicle; 

(g) providing a database containing data reefing ^ 
associated with vehicle specifications including a 

- . — » • — —» 

~-»---™rr:«- r,r. ... • 
^rrrjrjr- ■ 
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5 the vehicle determined by the method ^ 

r irrr— - „— — - - - 

known vehicle speed. there js provided a 

• _r^^~~~ 

the vehicle; riPtermined by the system is 

wherein the wheel base measurement ^ defcmm e 

second sensor; en the rear axle 

i - — °< - -* ax,e re,at T 7 dis,ance 

taraZ lit and' second sensors and the « time — and 
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for each vehicle determin ing the whee. base 

More preferably, the means 
m easurernentsforthevehic.e Include: ^ ^ ^ 

„„,., „ „. ... 7" rr.?- , - - 

«-•--:— rr:-r:™~» - ~ « 
m "~ - — -'" - - " " 

xrzzzzzz-* » . ~» - - — « » - 

. n a siqnal by the front and rear axles; 

c rneansforreceivin g the Si gna,seml«edby.hesensor 
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(0 a database containing data relating to various vehicle types associated 
with vehicle specifications including a validated wheel base measurement for 
each vehicle type; 

wherein the wheel base measurement determined by the system ps 
5 compared to the validated wheel base measurement stored in the database and 
any discrepancy between them is indicative of potential errors in the speed of 
the vehicle determined by the system. 

The means for determining the speed of the vehicle may include: 
,.) means for determining a first time interval between the front axle 
10 triggering a signal in the first sensor and the front axle triggering a signal in the 
second sensor; 

(b) means for determining a second time interval between the rear axle 
triggering a signal in the first sensor and the rear axle triggering a signal ,n the 
second sensor; 

, 5 (c) means for computing the speed of the front axle relative to the distance 
separating the first and second sensors and the first time interval; and 
(d) means for computing the speed of the rear axle relative to the d.stance 
separating the first and second sensors and the second time interval. 

Preferably, two independent wheel base measurements are determmed 

20 for each vehicle. 

More preferably, the means for determining a wheel base measurement 

for the vehicle includes; 

(a) means for determining a . third time interval between the front axle 
triggering a signal in the second sensor and the rear axle triggering a signal ,n 

25 the first sensor; 

(b ) means for computing a first wheel base measurement for the veh.cle 
relative to the first and third time intervals and the distance; and 

,6, means for computing a second wheel base measurement for the vehicle 
relative to the second and third time intervals and the distance. 
30 The system may include means for counting the signals triggered by the 

(irst and second sensors by each vehicle wherein the number of signa s 
triggered in each sensor is used to determine a number of exles associated With 
the vehicle and the number of axles determined is compared to a validated 
number of axles stored in the database for the detected vehicle type such that 
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any discrepancy between them is indicative of potential errors in the speed of 
the vehicle determined by the system. 

Preferably, the system further includes means for injecting into the 
system signals simulating sensor signals for a known vehicle speed and 
5 comparing the determined vehicle speed with the known vehicle speed to 
calibrate the system. 

According to a further aspect of the present invention, there is prov.ded a 
system for verifying the speed of a vehicle having at least a front and rear axle, 
the system including: 

10 (a) a camera for recording an image of the vehicle to enable the veh.de to 
be classified according to type; 

(b) at least two sensors separated by a distance which are triggered to em.t 
a signal by the front and rear axles; 

(c) means for receiving the signals emitted by the sensors; 

! 5 (d) means for using the signals to determine the speed of the vehicle; 

(e) means for using the signals to determine the number of axles for the 
vehicle; and 

(f ) a database containing data relating to various vehicle types associated 
with vehicle specifications including a validated number of axles for each 

20 vehicle type; 

wherein the axle count determined by the system is compared to the 
validated axle count stored in the database and any discrepancy between them 
is indicative of potential errors in the speed of the vehicle determined by the 
system. 

25 Preferably, the database includes an expert system whereby axle counts 

and/or wheelbase measurements for vehicle types are learned from 
measurements made by the system and then added to the database. More 
preferably, the axle count and wheelbase measurements for a particular veh.cle 
type are learned from deriving figures for a statistically significant number of 

30 examples of that particular vehicle type. 

According to yet another aspect of the present invention, there is 
provided a method of calibrating a vehicle speed determination system using at 
least two sensors separated by a distance, the vehicle having at least a front 
and a rear axle, the method including the steps of: 
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ta\ sensing a presence of the vehicle; 

u* « - - -** • — ,he vewde ,o be ciass, " ed 

according to type; 

(c) triggering the sensors to emit a signal; 
5 (d) receiving the signals emitted by the sensors; 

(e) determining the speed of the vehicle; 

(f) determining a whee. base measurement for the veh.de; 

\L providing a database containing data re.ating to vanous veh.de types 
Icild vl vehicle specifications including a validated whee, base 
1 n measurement for each vehicle type; 

" comparing the wheel base measurement determined by the system to 
the validated wheel base measurement; and 

(i) maintaining a register o. speed and wheel base measurement data and 
discrepancies from validated wheel base measurement data; 

herein analysis of any discrepancies between the detorm,ned w e 
pase measurement data and the validated whee, base measurement data 

used to determine error trends and enable system calibrate. 

,tisanadvantageofthepresentinventionthat,hes P eedofaveh,c,ecan 

whiC h serve to reduce the impact of noise generated s,gnals whrch may 
attributed to inherent system errors. 

Brief Description of the Drawings 

The invention wil. now be described in furthar detail by reference to the 
attached drawings illustrating example forms o, the invention. It ,s to be 
understood that the particularity of the drawings does not supersede the 
generality of the preceding description of the invention. In the drawmgs; 

Figure 1 is a plan view of a typical layout of piezoelectnc sensors on the 
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road 



30 



Figure 2 is a simplified diagram of the signals typically emitted by two 
piezoelectric sensors separated by a distance as triggered by a veh,c,e havmg 
two axles according to an embodiment of the present invention. 
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Detailed Description of the Preferred Embodiment 

•„ order to better describe the invention, ,t .s to be detailed witn P 

similar utility in determining the speed of a vehicle 

aX,eS ' Figur e 1 shows a typical layout of piezoeiectric sensors PV PS I on the 

ro ad, the piezoelectric sensors PI. P2 ^^'^-. --2 
nrc P1 do are tvpically positioned such that tney are 

♦ • c^nrs PI P2 may be embedded in the road surface. 
,oop itself is not susceptible to env.ronmental fac sue a 

.-jr. » - — — «— — ■ " r "'• w 
— » r - - r - 

:zr;— - — — 
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Registration Database. , ,„ a 

5 As an alternative to stonng mformabon relating t 

da , a base which is associated with the ^Z lZ ^ a physical 
wheeibase measurements and ax,e counts ^ « ye ^ 

recorded for a par.icu.ar vehicle. This* be ^ ^ |( 

10 as wheeibase me— ^ . particular ve hic,e was 

is therefore envisaged that if a reading p wgs 
,sputed by the vehicle owner and,or driver -«^~ „ of that 

— by,heS ^rwt e:rt— and,or axle count 
reading by comparing the wheeibase ed wneelbas e 

15 de ,ermineo by the system with an ad or p y s^ ^ 

measurement and/or axle measurement. As an ^ 
measuring the wheeibase measurement and/or axle 

Any discrepancies between the s(ored in the 

readings (i.e. actual measurements or v ate 

a i= rtPtermined by determining the speed of me iron 
vehicle speed is determme by Determ ining the axle speeds 

independently from the speed of tQ use the spee d 

lnd ependen,ly in this manner maKes , t poss e o he V ^ ^ ^ ^ 

of the front axle to verify that the speed of the ea ■» : 
distan ce, which is less than the wheel base o f en, ^ ^ 
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system operator wil, be alerted to any^an, errors which may need to he 

■ '==»==^~ 

Therefore, the time interval is computed by the Wowing formula. 
Ats 1 = csVfreq 

axle is computed by the following formula: 
s 1 =d/Ats 1 = d*freq/cs 1 

axle is then computed by the following formula: 
s 2 = d/Ats 2 = d'freq/cs 

.< =nd s 2 are then compared to ensure that the 
20 The computed speeds . and s are th P ^ 

the following formula: 

es = ed+eAts 

be achieved by measunng a th.rd ttnt ,nte ^ 
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a ■ k.oc n p the first and second time intervals and the 

Pie nt"ase determined in — to - «rst P—dc sense, is 

where cwb is the number o, inte„a, counts correspond to the «me — 

" ° The wheel base determined in re.ation to the second piezoe.ectric sensor 

is computed by the following formula: 

wb * = d(1 + Atwb/A<s 2 )=d(1+cwb/cs 2 ) 
■„ the wheel base determination will be a result of an error ,n 

the following formula: 

E wb=ed+eAts+6Mw=ed+2eAts 

The determination o, the first and '^^ZZZ 
3 used to assist the identification of errors ,n the speed dee m 

^-r:^; 
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System detection is disced at regulaTintervals and the separate system wi« 
lerate signals that correspond to a Known speed. If the system detects the 
orr ctiy it means either that the c-ysta, .regencies are 
cL toJnces or that both crystais have changed , = y he 
same amount. The second option is very unliKely especahy a d,fferen« type 

^ Cstem may further include means for counting the signals emitted 
bv the 1 and second piezoelectric sensors by each vehicle. Count.ng the 
„ le o s gnais emitted provides an additional error checK, since the 

tn a s eled by the first piezoelectric sensor should he the same ^ 
JL o, signais emitted by the second +*^^J£ZZ' 
free of significant errors. 

=========== 

bV ^ dumber o, signals triggered in the first 

:::::nt s suZuen«y «~ , ~ T 

vehicle If the number of axles the vehicle has is Known, and the number of 
^'exceeds the number of signals anticipated for the number of axles on 

me J?S Z^ factual wheeibase measurements from the veh.ce 
ZZu* or by referring to the database o, vehicle types, maKes a d 
Tae 1 h their associated wheel base lengths. When the system operator 
ZTSJy l* measurements, the operator selects a vehicle and compares 
Z Zl base measured by the system against the Known wheel base for t a 
oh* ype. If *ne measured values fail to match the 
p 1 entitled that there is a problem with the calibration, ,n th,s example, 
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cleariy , he distance between the firs, and second piezoelectric sensors is out of 

Ca ' ibr te system may be configured ,o verify tbe wheel base measurement 
and axte coun, each time that a speeding vehide is detected. Th,s enables the 
, nerformance of the system to be continually monitored. 

' Variations in the freguency may adversely affect speed determine on by 
the system, however, such variations will have no impact on the wheel ba e 
aeterminations maKing these idea, for calibration of the distance between the 

Pie20e :trr'understood that various additions, alterations and/or 
modifications may be made to the parts previously described without deparbng 
from the ambit of the invention. 



